Cumulative cross section of 149 Gd sheds light on the nuclear reaction mechanism. In addition, a discussion has been made to show the feasibility of producing 149 Tb in p-and α-induced reactions on gadolinium isotopes.
Due to the limited available facilities in the world, production of 149 Tb from 1-2 GeV proton induced spallation reaction followed by online mass separation technique is also not feasible in practice. In this circumstance, it was assumed that heavy ion induced reactions may offer solution in producing 149 Tb radionuclides.
Several heavy ion reactions may lead to the production of 149 Tb either directly or as a decay product of 149 Dy. Alexander and Simonoff [4] measured excitation functions using α-spectrometry from twelve heavy ion reactions that produce 149 Tb from the deexcitation of the compound nucleus of Tb. Eight different heavy projectiles, 10 B, 11 B, 12 C, 14 N, 15 N, 16 O, 18 O and 19 F, were used 3 in combination with a variety of target isotopes from Ba to Nd, among which 141 Pr is the only naturally abundant mononuclidic target. It was found that the peak cross section measured in all target-projectile combinations is maximum 7% of the theoretical estimation. This led to the conclusion that the compound nuclei having angular momentum less than 7.5±1.5h contributing to these reactions. It is also interesting to note that all the production routes offer comparable peak cross sections of 149 Tb without any added advantage of using enriched targets.
Later Kossakowski et al. [5] off-line γ-spectrometric investigation of the production of 149 Tb along with other residues. We therefore made an attempt to study the excitation functions from the 12 C-induced reactions on natural 141 Pr target in the 79-44 MeV incident energy range by off-line γ-spectrometry. The report provides an idea to visualize the production of impurity radionuclides along with the desired 149 Tb.
Reaction cross section data may also help to reduce certain impurities optimizing the reaction parameters. The definition of impurity has been defined in view of nuclear medicine elsewhere in 4 our recent article [8] . We also report a comparative study on the production of 149 Tb from p-and α-particle induced reactions on Gd isotopes using the nuclear reaction model code TALYS [9] .
The experimental procedure and brief of the nuclear model calculations are presented in Sec. II and III, respectively. Section IV discusses the results of the present study and Sec. V concludes the report.
II. EXPERIMENTAL
The non-hygroscopic praseodymium oxide, Pr The experiment was carried out at the BARC-TIFR Pelletron Accelerator facility, Mumbai, India.
The integrated charge was recorded in each irradiation by an electron suppressed Faraday cup stationed at the back of the target assembly. Projectile energy at a target is the average of the incident and outgoing beam energies. Beam energy degradation in the target and the catcher foils have been calculated using the Stopping and Range of Ions in Matter (SRIM) [10] .
At the end of bombardment (EOB), off-line γ-spectrometric study was carried out in each foil in a regular time interval up to seven days using an HPGe detector having resolution 2.13 keV at 1332 keV coupled with a PC based MCA. The background subtracted peak area count corresponding to a particular γ-ray energy is the measure of yield of an evaporation residue. The cross sections of the evaporation residues produced at various incident energies and from different reaction channels were calculated from the standard activation equation. A detail description of the calculation is available elsewhere [11] . The nuclear spectroscopic data used to calculate the production cross sections of the evaporation residue are enlisted in the Table I [12]. The γ-ray energies marked in bold have been used to determine the cross sections of the corresponding residue.
The uncertainties considered in the cross section measurement are : (i) calibration of detector 5 ≈ 2% (ii) target thickness in atoms/cm 2 ≈ 5% (iii) systematic error in beam current that was propagated to the cross section data ≈ 10%. Uncertainty in incident beam energy may occur at the successive targets due to energy degradation in the aluminum catchers. However, according to ref [13, 14] , the energy straggling is expected to be small even in case of lowest incident energy and hence was neglected in this work. In addition, error may occur in the measurement from the counting statistics. The associated error related to the cross section measurement was determined considering all the factors mentioned and the data presented up to 95% confidence level.
III. MODEL CALCULATION
A. PACE4
The fusion-evaporation code PACE4 [15], modified version of PACE (Projection Angular momentum Coupled Evaporation) [16] , working in the framework of LISE++ [17] with several new feature, has been used to calculate the excitation function of residues expected to be produced in 12 C-induced reaction on nat Pr target. The deexcitation process of the excited nuclei has been calculated using the Hauser-Feshbach model. The transmission coefficients for light particle emission have been determined from the optical model potential with default optical model parameters.
The code internally decides level densities and masses it needs during deexcitation. The GilbertCameron level density prescription is used in the present work with a, level density parameter, equals to A/12 MeV −1 . The ratio of a f /a n is chosen as unity. Fission is considered as a decay mode. The finite range fission barrier of Sierk has been used. The compound nuclear fusion cross section is determined by using the Bass method. The yrast parameter is taken as unity.
B. TALYS
The code TALYS [9] has been used to calculate the excitation functions of evaporation residues from p-and α-particle induced reactions on 
B. Light ion induced reactions
Gadolinium has seven naturally abundant isotopes. p-or α-induced reactions on natural Gd will produce a variety of radionuclides and stable isotopes Tb, Dy, Gd etc., which are treated as impurity except the desired one. The reaction model code ALICE [18] is well established to investigate light ion induced reactions at low incident energies. However, ALICE does not consider direct reaction processes, which are prevalent in case of high energy p or α projectiles. Therefore, we have estimated excitation functions of p and α-particle induced reactions on 152 Gd and 154 Gd targets, which are contributing to the production of 149 Tb, using the nuclear reaction model code TALYS [9] . 
